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bstract
We aim at a radically new continuous-wave, electrically pumped THz emitter. Compared to existing THz sources, this source will
ring together several advantages that are far from being simultaneously available in any existing source today: compactness, room-
emperature operation, output power around 1W, custom emission frequency from 1.5 to 6.5 THz, feasibility of multi-spectral
rray of emitters, and the perspective of coherent detection schemes.
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. Introduction
Today’s most popular structures for generating and detecting broadband THz pulses, photoconductive dipole anten-
as excited by fs lasers, suffer from large size and high cost problems. As far as the generation and detection of CW
Hz radiation is concerned, conversely, no significant progress in terms of emitted power has been demonstrated in
hotoconductive generation during the last few years, with maximum outputs limited to the 100 nW range below 1 THz,
nd quickly decreasing to the nW range at 2 THz. At higher powers, THz quantum cascade lasers (QCLs) emit more
han 50 mW (peak) in the pulsed regime, but are poorly tuneable and only operate at cryogenic temperatures.
Various routes to the nonlinear generation of THz frequencies have been explored to date in different materials,
ased on difference-frequency generation (DFG), optical rectification or parametric generation. However, all these
Hz nonlinear sources are passive and require external pulsed pump laser sources, making the overall systems neither
ompact nor practical outside research laboratories. An interesting perspective is provided by highly confining photonic
tructures, allowing the integration of laser pump sources and DFG media, and resulting in a compact and rugged device
f a few m2 in size. A THz source based on DFG in a dual- mid-IR QCL has been recently proposed [1]. However,
ue to mode competition and heavy pumping, it is severely limited by free-carrier absorption (FCA) at THz frequencies,
nd it can only emit pulses of a few hundreds of nW at 300 K.
Here we focus on DFG in a whispering-gallery-mode (WGM) microcylinder resonator (MR). In the horizontal
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2. The TREASURE project
We have shown that GaAs/AlAs MRs containing quantum dots (QDs) can sustain simultaneous lasing of WGMs in
the near IR [2,3], with Q factors >104 in pillars with diameters≈3m, enabling simultaneous lasing of several WGMs
without mode competition, even for pumping levels well above threshold. THz generation through DFG between these
WGMs is predicted for MRs with diameters > 20m, based on a combination of two phase-matching schemes [4].
The final TREASURE device is based on a MR etched in a GaAs/AlGaAs double heterostructure that vertically
confines the near IR WGMs, like in a standard dielectric waveguide. The cylindrical structure is capped on both sides
by a metallic mirror to ensure a double-plasmon, vertical confinement of the THz WGM. In this nested-waveguide
scheme, the AlGaAs spacers provide a useful degree of freedom to optimize the spatial overlap of the three interacting
modes. The metallic mirrors are also used as contacts for electrical injection into the doped AlGaAs layers. In order
to selectively inject the current at the edges of the cylinder where the near-IR WGMs are located, a highly resistive
region will be defined by ion implantation in its central part. InAs QD arrays located within the near-IR waveguide are
used as active medium. The QD gain is inhomogeneously broadened, a key factor for the simultaneous lasing of two
near-IR WGMs without mode competition. The homogeneous broadening of QDs will allow emission at frequencies
down to 1.5 THz. Conversely, an upper limit of 6.5 THz is set by GaAs rest-strahlen band.
We have shown that DFG process in the TREASURE device involves two high-Q, TE-polarised near-IR WGMs
and a low-Q, TM-polarised THz WGM that leaks out all around the MR edge. Due to controlled diffraction from
a plasmonic grating fabricated in the ground plane of the MR, the THz field will radiate almost vertically, although
the THz WGM in the MR is TM. Preliminary effective-index and coupled-mode calculations, combined with fully
vectorial FDTD, predict several phase-matched DFG wavelengths in the above THz range, for two QD wavelengths
around 0.93m, for MR heights spanning approximately from 4 to 6m, and radii around 40m. So far, THz output
of a fraction of W is expected, for intra-cavity laser powers in the 10 mW range (i.e. with negligible two-photon
absorption), but design/fabrication optimization is under way. Finally, we envisage 2D arrangements of THz emitters
with different radii, potentially useful to obtain a multispectral emitter. The inherent coherence of (2) generation also
opens the perspective of a reciprocal coherent scheme for THz field detection.
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